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1
DUPLICATE CHECK IMAGE RESOLUTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/734,202, filed Jan. 4, 2013, which 1s hereby
incorporated by reference in its entirety.

FIELD OF THE INVENTION

Embodiments of the mvention generally relate to digital
image detection, and more particularly, to digital image
detection and comparison.

BACKGROUND

Enactment of the Check Clearing for the 21°* Century Act
(“Check 217) has enabled banks to deploy various digital
schemes to process check deposits, mcluding distributed
image capture, 1mage exchange, Remote Deposit Capture
(“RDC”), and check transaction conversion to other payment
types such as Automated Clearing House (“ACH”) transiers.
In the RDC approach, for example, a banking customer cap-
tures an 1mage of each side of a check and transmits them,
along with other information typically stored as metadata, to
the customer’s bank. RDC can be implemented on various
technology platiorms. Today, 1t 1s widely used on smart
phones using mobile applications offered by many banks
operating in the United States.

In another implementation, a customer 1nserts a check into
a recerving slot at an ATM, wherein the ATM’s scanner cap-
tures the check as an 1mage, and may further analyze the

image using intelligent recognition technology, such as opti-
cal character recognition software (“OCR”). The OCR soft-
ware allows the ATM to ascertain the values of some fields
appearing on the check, for example, by recognizing charac-
ters and values in the check’s E-13B code line, and to store the
recognized values as metadata associated with the transac-
tion.

Although intended 1n part to streamline and automate the
check deposit and clearing process, existing digital check
processing schemes have increased significantly the need to
detect the processing of a single transaction multiple times.
For example, where a customer deposits a check using RDC
on a smart phone, the customer may deposit the same check at
a later time using an ATM. Whether this 1s done unintention-
ally or with fraudulent intent, the paying bank and the payee
bank both must ensure that a single check 1s processed as only
one transaction, even where there have been multiple deposit
attempts of that check.

In a reverse example, where a customer regularly deposits
payroll checks bearing substantially the same information,
ex1isting automated systems are more likely to arrive at a false
positive determination, 1.e., identify the distinct checks as
duplicates, and mistakenly treat them as one transaction. This
1s partly because these automated schemes do not monitor or
capture every piece ol information on a check, since doing so
would require significant additional time and computing
resources, and would thereby increase transaction costs.
(Given the volume of transactions in the check processing
industry at any given time, these costs can be prohibitive. An
unintended consequence of this resource-saving approach,
1.¢., monitoring less than all of the information available on a
check 1mage, 1s that 1t leads to two or more distinct check
transactions appearing to be duplicates; differences appear-
ing in non-momnitored portions of the checks may go unno-
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ticed. In the payroll checks example above, each payroll
check may be 1dentical to others deposited by a single cus-
tomer except for the date field, which typically 1s not checked
at the time of deposit. In light of the substantial potential for
problems, the paying bank and the payee bank both must
ensure that each distinct transaction 1s processed, even where
the transactions appears to be duplicates.

In both examples, where 1images of the same check appear
to be distinct, and where images of two or more checks appear
to be duplicates, there 1s an increased need for a second level
review, 1n the form of a further automated process, human
monitoring, or both. For example, the only currently available
automated solution for a second level review 1s to use OCR
technology to find and read fields on a check image (fields that
were not found or read 1n the first level review), and to use this
additional information to determine whether two or more
check 1mages 1n question represent the same underlying
transaction. Alternatively, or 1n addition to the automated
review, the information may be forwarded to a review opera-
tor who must, as a second level reviewer, interrogate the
information associated with each transaction suspected of
being a duplicate of another transaction. This forwarded
information may include check images and their associated
metadata. Whether the second level review 1s automated
using character recognition soitware, or performed by a
human reviewer, or both, the per-transaction time and cost of
the automated system increase. Additionally, 1n the case of
OCR, the OCR process 1s not uniform. For example, OCR
soltware evaluates the handwriting portion of a check differ-
ently than the check’s pre-printed portions. Adding to the
difficulty 1s the lack of uniformity in many ofthe properties of
a check, including often ditficult to predict variations, such as
character strokes and placement of handwritten text on a
check.

The shortcomings of current solutions may lead to a bank
refusing to process a check transaction based on an erroneous
determination that it 1s a duplicate transaction; or the bank
may process a single transaction multiple times based on a
failure to determine that one transaction 1s a duplicate of
another. In either case, customer satisfaction and the reputa-
tion of the bank decline. Furthermore, the bank may lose
business.

Various factors contribute to the limitations of current auto-
mated systems, including differences in checks formats. For
example, check size, serialization (or lack thereof), non-stan-
dard features (e.g. placement of address block; personalized
graphics), differences 1n handwriting styles or the writing
instrument used, illegible handwriting, or handwriting place-
ment (e.g. writing indicating check amount may run outside
of designated box), all can make 1t difficult for an automated
process to streamline check image analysis.

Another factor that contributes to the limitations of existing
automated systems 1s differences 1n the devices used to cap-
ture check 1mages and the physical environments in which
such devices are deployed. Characteristics of a digitally cap-
tured 1mage affected by the particular device that captures
and/or stores that image, and the physical environment 1n
which the image 1s captured, include, without limitation,
image type, size, compression, color, resolution, focus, and
noise. Factors responsible for these differences in character-
1stics include, without limitation, differences 1n device con-
figuration (ncluding software), i1mage processing (e.g.
changing exposure, contrast, or other parameters), computing
resources, lighting used by a scanner or other capture device,
and dust particles on the item to be scanned and on the capture
device.
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For example, the same check may vield different images
when captured using an ATM’s scanner compared to a smart
phone’s camera. Although the images may look substantially
similar to the human eye, the pel data that constitute the
images are suifl

iciently different that a strictly pel-by-pel
comparison of the two will result in a finding of dissimilarity.
Furthermore, other existing comparison methods are not
sophisticated enough to accurately and reliably perform more
intelligent comparisons with sufficient speed or suificiently
low processing power to make them worthwhile to 1mple-
ment.

A desirable solution to these challenges increases the per-
formance of automated check processing systems by reduc-
ing the growing costs associated with reliably comparing the
check 1mages that these systems use, and by decreasing the
need to for a second level review that uses intelligent charac-
ter recognition, human monitoring, or both.

SUMMARY

Aspects of the present invention provide a method, system,
and program product for duplicate 1image resolution, 1.e. to
detect duplicate 1mages, by receiving at least a {first and a
second 1mage, processing each received image, scaling the
processed 1mages to a common resolution, selecting one or
more pel regions of the scaled images, subtracting the
selected pel region(s) of the first image from the pel region(s)
from the second 1image, and determiming based on the results
of the subtraction whether the first image and the second
image depict substantially 1dentical subjects.

According to another aspect of the invention, a system for
comparing 1mages comprises a computer having a processor
and a computer-readable storage device, and a program
embodied on the storage device for execution by the proces-
sor. The program has a plurality of program modules, config-
ured to perform a function, as follows: a receitving module to
receive two or more 1mages; a processing module to process
the received 1images, including scaling the processed images
to a common resolution; a selecting module to select one or
more pel regions in each scaled image for comparison; a
subtracting module to subtract the selected pel regions of one
image from the selected regions of the other(s); and a deter-
mimng module to determine whether the recerved 1mages
depict substantially i1dentical subjects, based on the results
generated by the subtracting module.

According a further aspect of the invention, a computer
program product for comparing images comprises program
code embodied on a computer-readable storage medium, the
program code being readable and executable by a processor,
to perform a method. The method, executed by the processor,
comprises receving two or more images; processing the
received 1images, including scaling them to a common reso-
lution; selecting one or more pel regions from each images,
for comparison; subtracting the selected pel region(s) of one
image from the selected pel region(s) of the other image(s);
and determiming whether the received images depict substan-
tially 1dentical subjects, based on the results of the subtrac-
tion.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

These and other objects, features and advantages of the
present invention will become apparent from the following
detailed description of illustrative embodiments thereof,
which 1s to be read in connection with the accompanying,
drawings. The various features of the drawings are not to scale
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as the 1llustrations are for clarity in facilitating one skilled 1n
the art 1n understanding the invention in conjunction with the
detailed description.

FIG. 1 1s a schematic block diagram of an embodiment of
a computer system for implementing a method according to
an embodiment of the invention; and

FIG. 2 1s a flow chart depicting the steps of identilying
duplicate 1mages 1n accordance with an embodiment of the
ivention.

DETAILED DESCRIPTION

Referring to FIG. 1, a system 10 according to an embodi-
ment of the invention 1includes a software program 26, con-
taimning code, stored on a data storage device 22 within a
computer 14. The system 10 further includes a processor 18
for executing the steps of the program 26. The program 26
may access the data storage device 22 through the processor
18. The system 10 15 also operatively connected to a data
source 30. The program 26 accesses and interacts with the
data source 30 through the processor 18.

The data source 30 may comprise a storage device such as
a hard drive, which contains i1mage files, or a capturing
device, such as a scanner or camera, which captures images.
Alternatively, the data source 30 may perform both of these
functions. Other embodiments of the invention may comprise
multiple data sources that individually or collectively per-
form the described functions.

The program 26 receives two or more 1mages from the data
source 30, and analyzes the images 1n relation to one another
according to the steps of the program 26, as described below,
to determine whether the two 1mages are actual or substantial
duplicates. Images are considered duplicates if they contain
identical or substantially similar pel information, or 1if they
are otherwise determined to depict substantially i1dentical
subjects (for example, two 1mages with different pel informa-
tion may nevertheless depict the same check). In embodi-
ments of the imvention, the amount of similarity required to
determine whether two 1mages depict 1dentical or substan-
tially 1dentical subjects can be made adjustable.

Reterring to FIG. 2, amethod 100, according to an embodi-
ment of the 1nvention, receives two or more 1mages depicting
checks from a data source, such as the data source 30
described 1n connection with the system 10, 1in step 104. The
received images are digital, and are preferably in bitonal color
format, compressed with the Group 4 (*G4”) FAX standard
compression algorithm and packaged in a Tagged Image File
Format (“TIFF”) wrapper (collectively, the “Preferred Prop-
erties™).

The data source 30 may be, for example, an ATM scanner
or a mobile phone with image capturing, storing, and/or data
transmission capabilities, such as a smart-phone with a cam-
era. The data source 30 also may be a database containing
images obtained from these and other devices. In addition to
receiving the image, step 104 may also retrieve metadata
associated with that image. Associated metadata may include,
for example, account number, amount, date of deposit, and
other information pertaining to the check depicted in the
received 1image. The information contained 1n the associated
metadata 1s not necessarily derived from the underlying check
itself. For example, where a check 1s deposited into an ATM,
the account number and date information may originate from
the ATM’s computer system, not from scanning and reading
the face of a check. In this example the account number may
have been obtained from processing information on a cus-
tomer’s bank card inserted into the ATM.




US 9,202,146 B2

S

The 1images received 1n step 104 are evaluated 1n step 108
to determine whether any of them requires processing to
tacilitate and/or optimize the effects of the image comparison
functions of the method 100. Once an 1mage 1s received, this
optimization step may be implemented before or after any of
those other functions. Step 108 evaluates 1image properties
including, without limitation, 1image size, color, format, ori-
entation, and resolution. In step 112, the method 100 pro-
cesses the 1images selected for processing in step 108. For
example, i properties of the recerved 1images vary from the
Preferred Properties, the images may be transformed to have
those properties. As a further example, the actual resolution of
the received 1mages may be different than indicated 1n their
respective file properties. In such a case, the received 1images
would be processed to indicate their correct resolutions.

Additionally, processing of the recerved images may
include, without limitation, organizing, sorting, indexing, or
other operations that facilitate and improve the handling of
check images.

The method 100 optionally may filter one or more of the
received images, 1n step 1125. Filtering a recerved image may
be accomplished 1n a variety of ways, including by 1dentify-
ing and removing 1ts background elements or spot noise, 1.e.
replacing them with blank pels. In the case of a bitonal image,
for example, pels 1dentified as background elements or noise
spots may be replaced with white pels. More specifically, the
filtering step may be implemented using a digital masking
process. For example, to remove spot noise, a group of black
pels that are surrounded by white pels, and are less than a
certain count or shape of black pels, may be identified. One
approach 1s to remove all groups of 1solated black pels that
contain 2x2 or fewer pels, 1.¢., 1 or 2 pels wide and 1 or 2 pels
tall. Another approach is to remove all groups of black pels
with a contiguous black pel count of 6 or fewer.

A similar approach may be used to filter image elements
contaiming characters. This can be accomplished by using
edge masks so that the edges of character strokes appearing 1n
a received check image are smoothed, by removing small
spurs on the edges of the strokes. This approach transforms
the transition areas of the bitonal image while preserving the
overall shape of the character strokes. In other words, each
image 1s rendered so that its details are gone but the shapes of
the major information carrying characters i the image are
preserved.

The filtering process of step 1125 as described above may
be configured to remove 1solated groups of black pels that
contain 3x3 or even 4x4 pels. This level of filtering 1s more
aggressive than used in traditional filtering methods, and
increases the accuracy of the method’s determination of
whether two or more recerved 1mages are duplicates. This
added accuracy persists even where the aggressive filtering
causes removal of non-noise pels; for example, where the
aggressive filtering removes the dot of an “1”. In such a case,
the extent to which the aggressive filtering may remove fore-
ground elements does not hamper the method’s 100 ability to
determine whether two or more received 1mages are dupli-
cates.

Steps 108, 112 and 11256 may be performed recursively to
achieve a desired level of processing, including filtering. For
example, to facilitate proper comparison of the recerved
images 1n other steps of the method 100, each image 1s rotated
as many times as necessary to arrive at a uniform orientation
across all images. In the case of bitonal check 1images, how-
ever, typically no more than one 1teration of the filtering step
1s necessary, particularly where the filtering i1s as aggressive
as described above.
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In step 116, the received 1images are scaled to a common
resolution 1n the range of 75-100 pels per inch (“pp1”), and
preferably 1n the range of 75-90 ppi1. Scaling down the reso-
lution to lie within these ranges sigmificantly reduces the
presence of noise and background elements, but retains sub-
stantially the foreground check elements, the latter compris-
ing 1ts most relevant elements 1n the context of 1mage com-
parison. These elements include, without limitation, the date,
amount, payee and similar information that are better indica-
tors ol whether a recerved check image 1s a duplicate of
another received check image. For example, if a check 1s
deposited once using RDC, and thereafter deposited again
using an ATM, the image captured 1n each of these processes
may have a digital noise level that varies significantly from
the digital noise level of the other. Furthermore, each image
may be captured at a different resolution. This 1s the case even
though the depicted check i1s the same. According to an
embodiment of the invention, reducing each captured image
to a common resolution, 1n the range described, significantly
increases the ability of an automated system to disregard the
differences between the recerved 1mages, which are gener-
ated as a result of the capturing process, and to focus instead
on the information carrying elements of the images 1n making
comparisons.

In a related embodiment of the invention, the amount of
filtering 1n step 112b, and the target common resolution 1n
step 116, or both, are adjustable. This adjustability 1s particu-
larly usetul 1n circumstances that allow for even more accu-
rate comparisons between two received 1mages, where the
images have known, predictable, or discernible common
characteristics. For example, a bank that accepts check depos-
its at branches across the United States may purchase ATMs
trom diflerent manufacturers. Check deposit images captured
by one manufacturer’s ATMs likely will have different char-
acteristics compared to those captured by another manufac-
turer’s ATMs. Therefore, the method 100 optionally may
detect and analyze the source of a recerved 1mage, and use
information about that source (whether known prior to runt-
ime or gathered after processing multiple 1mages from that
source) to determine the optimal filtering, or scaling, of one or
more 1mages. Alternatively, or in conjunction with automatic
adjustability, the method 100 may allow a user to determine
the desired level of filtering or scaling.

In step 120, the method 100 selects one or more pel regions
for comparison. The selection may comprise the entire scaled
image, or 1t may comprise smaller regions, such as the seri-
alization field of a check. For example, the method 100 may
detect, 1n the receiving step 104, or the processing steps 108,
112, or 1125, that a large number of recerved 1mages have
substantially similar characteristics. As a further example, the
method 100 may be implemented where checks depicted in
the recetved images are known to be substantially similar (e.g.
they are drawn on the same bank and therefore have very
similar features). In such an example, 1t may not be necessary
to compare every pel in every image. Step 120, therefore, may
intelligently select a region of each 1image to be compared that
1s smaller than the entire image. In a related embodiment, the
selected regions may be configurable by a user. For example,
a user may determine that for a check drawn on “Bank A”, the
best pel region to select 1s 1ts top right portion. The user may
identily the region size and position, and save the information
as a “selection profile”. The method 100 will then use Bank
A’s selection profile any time 1t determines that an 1mage
under review depicts a check drawn on Bank A. Application
of the selection profile may be automatic or manual. It may
turther be implemented to apply to a single image or image
batches.
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In step 124, the method 100 carries out a pel by pel sub-
traction for the selected region(s), which may comprise the
entire 1mage. The smaller the difference, the greater 1s the
likelihood that the compared 1mages are duplicates, 1.e. they
depict the same underlying subject. Conversely, the greater
the difference of the subtraction, the more likely it 1s that the
two 1mages are not duplicates, 1.¢. they depict different under-
lying subjects.

In step 128, the method 100 determines, based on the
results of steps 120 and 124, whether the compared 1mages
depict the same subject, 1.e. the same nstrument. While the
processing function of step 112, and particularly the filtering,
function of step 1125, as well as the downscaling function of
step 116, significantly remove noise and/or background ele-
ments of the received checks, they do not remove all such
clements. Therelfore, i1t 1s possible that the processed and
downscaled 1mages may still contain variations, 1.e. a pel by
pel comparison would still identify differences between the
two 1mages. This may be the case even where both images in
fact depict the same underlying subject.

However, for the method 100 to determine that two 1mages
are duplicates or substantial duplicates, it 1s not necessary that
every single pel of the two 1images be 1dentical. Rather, the
determining factor 1s how the differences 1n pels are distrib-
uted. A concentrated non-random difference between the two
images, or between two selected pel regions, 1s a strong
indicator that the two 1mages depict two different underlying
subjects. Conversely, where the difference between the two
images appears to be random or scattered, 1t 1s more likely that
the difference 1s due to noise and/or background elements and
not a difference in the mmformation carrying elements. For
example, where two checks have 1dentical information 1n all
fields except as for their serialization, the subtraction 1n step
124 will show a difference concentrated in the region of the
check 1images where the check serialization information 1s
printed. In step 128, the method 100 analyzes such results
obtained from step 124 and determines that the subtracted
images are not duplicates.

The threshold of pel differences between two compared
check images that yield a positive or negative determination
of duplicity can be made adjustable, so that the compared
images need not be exact duplicates for the system to deter-
mine that they depict an 1dentical subject.

Through the above steps, a system employing the method
100 greatly reduces the need for a second level review of
suspected duplicate check transactions, by reducing the num-
ber of false positives and false negatives. Significantly, the
method 100 achieves this result by avoiding the need to use
intelligent recognition solutions, which are costly 1in terms of
required time and computing resources.

It should be noted that 1t 1s not necessary for the processing,
steps 108, 112 and 1225, or the scaling step 116, to be per-
tormed before or after any other step of the method 100. The
method 100 may very well be implemented in embodiments
where the 1image capturing process 1s reliable and consistent,
wherein fewer impurities are introduced into the captured
images. In such environments, therefore, 1t may be desirable
to implement the selection step 120, subtraction step 124, and
the determining step 128 to compare two or more recerved
images, and to implement the processing steps 108, 112, and
1226 and/or the scaling step 116, 1 the results of the com-
parison are not suificiently definite. Furthermore, these steps
may be repeated as necessary to suit the particular quality of
the 1mages received.

While the present invention 1s particularly shown and
described with respect to preferred embodiments thereot, 1t
will be understood by those skilled 1n the art that changes in
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forms and details may be made without departing from the
spirit and scope of the present application. It 1s therefore
intended that the present invention not be limited to the exact
forms and details described and 1llustrated herein, but falls
within the scope of the appended claims.

Furthermore, as will be appreciated by one skilled 1n the
art, aspects of the present invention may be embodied as a
system, method or computer program product. Accordingly,
aspects of the present mvention may take the form of an
entirely hardware embodiment, an entirely software embodi-
ment (including firmware, resident software, micro-code,
etc.) or an embodiment combining software and hardware
aspects that may all generally be referred to herein as a “mod-
ule” or “system.” Furthermore, aspects of the present inven-
tion may take the form of a computer program product
embodied 1n one or more computer readable medium(s) hav-
ing computer readable program code embodied thereon.

Any combination of one or more computer readable medi-
um(s) may be utilized. The computer readable medium may
be a computer readable signal medium or a computer read-
able storage medium. A computer readable storage medium
may be, for example, but not limited to, an electronic, mag-
netic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples (a non-exhaustive list)
of the computer readable storage medium would include the
following: an electrical connection having one or more wires,
a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory ), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer readable storage
medium may be any tangible medium that can contain, or
store a program for use by or 1n connection with an instruction
execution system, apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that 1s not a computer readable storage medium and
that can communicate, propagate, or transport a program for
use by or 1n connection with an 1nstruction execution system,
apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, including
but not limited to wireless, wireline, optical fiber cable, RF,
etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present invention may be written 1n any com-
bination of one or more programming languages, including
an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural pro-
gramming languages, such as the “C” programming language
or similar programming languages. The program code may
execute entirely on the user’s computer, partly on the user’s
computer, as a stand-alone soiftware package, partly on the
user’s computer and partly on a remote computer or entirely
on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection may
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be made to an external computer (for example, through the
Internet using an Internet Service Provider).

Aspects of the present invention are described with refer-
ence to flowchart illustrations and/or block diagrams of meth-
ods, apparatus (systems) and computer program products
according to embodiments of the invention. It will be under-
stood that each block of the flowchart illustrations and/or
block diagrams, and combinations of blocks 1n the flowchart
illustrations and/or block diagrams, can be implemented by
computer program instructions. These computer program
istructions may be provided to a processor of a general
purpose computer, special purpose computer, or other pro-
grammable data processing apparatus to produce a machine,
such that the instructions, which execute via the processor of
the computer or other programmable data processing appa-
ratus, create means for implementing the functions/acts
specified 1n the tlowchart and/or block diagram block or
blocks.

These computer program instructions may also be stored in
a computer readable medium that can direct a computer, other
programmable data processing apparatus, or other devices to
function 1n a particular manner, such that the instructions
stored 1n the computer readable medium produce an article of
manufacture including instructions which implement the
function/act specified 1n the flowchart and/or block diagram
block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps to
be performed on the computer, other programmable appara-
tus or other devices to produce a computer implemented
process such that the instructions which execute on the com-
puter or other programmable apparatus provide processes for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

The flowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer program
products according to various embodiments of the present
invention. In this regard, each block in the flowchart or block
diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions
for implementing the specified logical function(s). It should
also be noted that, 1n some alternative implementations, the
functions noted 1n the block may occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
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depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block diagrams
and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hard-
ware and computer 1nstructions.

What 1s claimed 1s:

1. A method for comparing 1images, comprising:

recerving a first image and a second 1image;

processing the first image and the second image using a

program executable by a processor communicating with
a computer, the processing of the first and the second
image including scaling the first image and the second
image to a common resolution and filtering at least one
of the first image and the second 1image;

selecting one or more pel regions of the scaled first image

and of the scaled second image;
subtracting the one or more selected pel regions of the
scaled first image from the one or more selected pel
regions ol the scaled second 1mage, respectively; and

determiming whether the first image and the second 1image
depict 1dentical subjects based on the results of the sub-
traction,

wherein one or both of the first image and the second image

are bitonal, having black pels and white pels, and the

processing module 1s further configured to filter the first

image and the second 1mage by removing black pels or

groups of black pels surrounded by white pels, and the
black pels or groups of black pels exist 1n a square grid
having the size 1 by 1 pels to 4 by 4 pels, preferably
having the size 3 by 3 to 4 by 4 pels.

2. The method of claim 1, wherein the filtering of at least
One 1mage 1s recursive.

3. The method of claim 1, wherein the amount of filtering,
of the first image and of the second 1mage 1s adjustable.

4. The method of claim 1, wherein the scaling of the first
image and of the second 1image 1s adjustable.

5. The method of claim 1, wherein the processed first image
and the processed second 1mage are scaled to a common
resolution between 91 and 100 pels per inch.

6. The method of claim 1, wherein the processed first image
and the processed second 1mage are scaled to a common
resolution between 75 and 90 pels per inch.

7. The method of claim 1, wherein the first image and the
second 1mage are of negotiable istruments, including check
1mages.
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